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ABSTRACT: Inositol hexakisphosphate kinase-1 (IP6K1) protein plays an important role in insulin signaling 
producing IP7 that inhibit the action of protein kinase B (Akt).  Inhibition of IP6K1 has been proposed as a novel way to 
enhance insulin signaling. Characterization and binding interaction of IP6K1 is essential for rational anti-diabetic drug 
development targeting this protein. Computational tools were used to analyze the physicochemical characteristics of 
IP6K1. Homology modelling reliably predicts the tertiary structure of IP6K1. Derived three-dimensional models were 
then used to predict the binding mode and interacting amino acid residues. MD simulation (30 ns) was employed to 
investigate the protein dynamics. The modeled IP6K1 exhibited secondary characteristics comprising of 63.3% helixes, 
30.2% sheets and 13.4% turns with an aliphatic index of 65.83 and instability index 50.53 showing that the protein is 
relatively unstable without its appropriate environment. The extinction coefficient was 34560 while the grand average of 
hydropathicity was −0.724. Homology modelling was performed by SWISS-MODEL program and the proposed model 
was evaluated as reliable based on RAMPAGE’s Ramachandran plot, and ProSA analyses. RMSD, RMSF, Rg revealed 
that the protein attained stability around 20ns. This appeared to be the first attempt to portray molecular dynamic 
simulation of IP6K1 coupled with modeling and thorough characteristic analysis of the protein using parameters like 
Ramachandran plot, Chou and Fasman Secondary Structure prediction and Protparam. Studies like protein engineering, 
structure and function as well as activity analysis are suggested. Our computational studies reavealed the binding pocket 
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Diabetes is a common metabolic disorder that affects 
about 422 million people globally (WHO, 2016; 
Elekofehinti, 2015). It is one of the leading causes of 
death worldwide and has been ranked as a major cause 
of blindness, kidney failure, heart attack, stroke and 
lower limb amputation (WHO, 2016). Obesity is a 
major risk factor for type 2 diabetes resulting from 
insulin resistance and is also linked to a number of 
other pathophysiological diseases such as 
atherosclerosis, hypertension and dyslipidemia 
(Elekofehinti et al, 2017; Kahn and Flier, 2000). 
Inositol hexakisphosphate kinase-1 (IP6K1) belongs 
to a family of inositol hexakisphosphate kinases 
(IP6Ks). IP6K1 has high-energy Beta phosphates 
that's readily phosphorylate proteins and modulate 
diverse cellular processes (Bhandari et al, 2008). 
IP6K1 has recently been linked to its insulin and 
glucose modulatory role (Bhandari et al, 2008; 
Kamimura et al, 2004).  Ghoshal et al, (2016) reported 
that mice fed with high fat diet induced obesity and 
insulin resistance were protected through deletion of 
IP6K1 retreating the role of IP6K1 in energy 
homeostasis. Inositol pyrophosphates also known as, 
diphosphoinositol polyphosphates, are a family of 
water-soluble inositol phosphates. Diphosphoinositol 
pentakisphosphate (IP7) is the most notable due to its 
role in insulin secretion and peripheral insulin 
signaling (Mackenzie and Elliot, 2014; Barker et al, 
2009; Werner et al, 2009). IP6K1 catalyzes the 
conversion of IP6 through phosphorylation to form 
inositol pyrophosphate, IP7. Production of IP7 results 
in its binding to protein kinase B (Akt/PKB) thereby 
causing its inhibition and thus, prevents the 
translocation of glucose transporter 4 (Glut 4) to the 
cell membrane ultimately denying the cells (muscle 
and adipose tissue) of glucose uptake (Elekofehinti et 
al, 2017; Chakraborty et al, 2010). IP7 production by 
IP6K1 affects insulin-signaling pathway through 
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potential inhibition of PDK1 phosphorylation of Akt 
which hamper insulin signaling cascade (Chakraborty 
et al, 2010; Sarbassov, 2005). Inhibition of IP6K1 is 
considered a novel approach in drug development 
towards type 2 diabetes and obesity. Ghoshal et al, 
(2016) recently identified [N2-(m-Triflurobenzyl), 
N6-(p-nitrobenzyl)purine] (TNP) as IP6K1 inhibitor 
that ameliorates diet induced obesity and insulin 
resistance making it a potential drug in the 
management of type 2 diabetes. In the present 
computational study, we employed various 
bioinformatics approach such as molecular docking 
and molecular dynamics simulation to predict the 
protein structure, understand its binding mode and 
dynamics.  
 
MATERIALS AND METHODS 
Structural modeling and validation: Amino acid 
sequence of IP6K1 was retrieved from GenBank 
database (accession no: AAH12944.1). IP6K1 
modelling was done on SWISS-MODEL server. 
 
Primary structure analysis of IP6K1: Expasy’s Prot 
Param server (Gasteige et al, 2005) was used to study 
the physiochemical characters of IP6K1 and designed 
fusion constructs such as theoretical isoelectric point 
(pI), molecular weight, molecular formula, total 
number of positive and negative residues, instability 
index (Guruprasad et al, 1990), aliphatic index 
(Atsushi, 1980) and grand average hydropathicity 
(GRAVY) (Kyte and Doolittle, 1982). The instability 
index provides an estimate of a protein’s stability in 
vitro. Proteins with instability index smaller than 40 
are predicted as stable. A value above 40 indicates that 
the protein may be unstable. 
 
Secondary structure analysis of IP6K1: Chou and 
Fasman Secondary Structure Prediction Server 
(CFSSP) was used to determine the secondary 
structure of IP6K1 in order to determine the helixes, 
sheets and turns (Chou and Fasman, 1974). The IP6K1 
model was validated by ProSA server, Errat in SAVeS 
server (Laskowski et al, 1993). The phi/psi 
conformations were validated by the Ramachandran 
plot calculations using RAMPAGE software 
 
Molecular docking and scoring of TNP with IP6K1 
The mechanism of TNP binding was predicted by 
molecular docking analysis on IP6K1. The docking 
software Vina in PyMol plugin was used for better 
accuracy than AutoDock (Trott and Olson, 2010; 
DeLano, 2009). 3DLIGANDSITE and BSP-SLIM 
were employed to determine the best binding mode 
and binding pocket of TNP with IP6K1. A grid box  
size of 60 x 60 x 60 with coordinates x=2.47, y=-5.43, 
z=20.29 was built to cover the entire ligand binding 
site. The procedure was carried out by considering the 
flexibility of the ligand such that all rotational bonds 
were set free (Ji et al, 2017) and the estimated binding 
energies for the best pose was recorded.  
 
Molecular Dynamics (MD) simulation: IP6K1: The 
MD simulation was performed using the program of 
GROMACS 4.6.5 MD package (Groingen Machine 
for Chemical Simulations) (Van Der Spoel et al., 
2005) running on Mac OS X (Processor 2.5 GHz intel 
core i5 memory 4 GB 1600 MHz DDR3) with 
GROMOS force field. Modeled IP6K1 was analyzed 
for MD approaches-molecular dynamics algorithm 
including an initial cubic solvation with single point 
charge water model, followed by ionization and 
neutralization in Na and Cl ions (0.15 M). The 
solvated system was subjected to further energy 
minimization to remove stearic conflicts between 
protein and water molecules using the steepest descent 
integrator. The minimized model was subjected to 
position-restrained MD under NPT conditions by 
keeping the number of particles (N), the system 
pressure (P) and the temperature (T) constant. This 
was executed for 100,000 steps for a total of 
200ps.The temperature of 300k and a pressure of 1 atm 
was maintained. After equilibration of the system with 
constant temperature and pressure, the production MD 
run of 10,000,000 steps was performed for 30 ns to 
carry out the structural analysis on IP6k1. 
 
RESULTS AND DISCUSSION 
Retrieval of human IP6K1 sequence (Accession No: 
AAH12944.1 GI: 15277917) was obtained from 
Genbank. The primary structure features of IP6K1 are 
presented in Table 1. The calculated isoeletric point 
(pI) for the protein is 6.81 suggesting that more 
positively charged residues are present within the 
protein molecule. There appears to be no disulphide 
bond as the presence of a disulphide bond increases 
the enthalpy of the folded state by stabilizing local 
interactions (Soni et al, 2013).  
 
Table 1: Physico-chemical properties of IP6K1 
 
 
Though the protein has high aliphatic index (65.83), it 
is thermally unstable (with an instability index of 
50.53) since an instability index of more than 40 
Molecular Modeling, Dynamics Simulation and Characterization…..                                                               463 
ELEKOFEHINTI, OO;  ALADENIKA, YV;  ALLI-SMITH, YR; , EJELONU, OC; Lawal, AO 
suggests instability. The Grand average hydropathy 
(GRAVY) value of IP6K1 (-0.724) suggests a 
hydrophilic pattern with better interaction with water. 
The sequence of IP6K1 was queried on Chou and 
Fasman secondary Structure Prediction server to 
determine the secondary structure. The sequence is 
made up of 441 amino acid residues categorized into 
helix, sheets and turns (Figure 1). The percentage of 




Fig 1: Secondary Structure predictions by CFSSP server 
 
Three dimensional model is a tool needed to perform 
structural analysis on human IP6K1, hence, the 3D 
model of was constructed through homology modeling 
on SWISS-MODEL web server (Figure 2).  
 
Fig 2.  Three dimensional structure (3D) of the human IP6K1 
generated by SWISS-MODEL server. 
 
The overall quality of the protein model was validated 
using ProSA server (Wiederstein and Sippl, 2007) 
with the quality index represented by a Z-score of -
5.36 (Figure 3) which is not too different from that of 
experimental protein structure (Figure 4). 
Ramachandran plot was also used to validate the 
model as described by Lovell et al, 2002 (Figure 5). 
 
 
Fig 3. Quality index of the IP6K1 protein model generated by 
ProSA server. The Z-score (-5.36) indicates the local model 
quality. 
 
In order to investigate the binding pocket and critical 
residues involved in IP6K1, we used AurodockVina to 
dock TNP into the predicted binding pocket “active 
site” of IP6K1 using 3DLIGANDSITE and BSP-
SLIM servers (Figure 4). The affinity of TNP to IP6K1 
is -8.1 kcal/mol (Table 2). Figure 7 showed the binding 
mode of the ligand within the predicted active site. The 
ligand TNP interacted with the residues within the 
active site through hydrogen bonding and hydrophobic 
interaction. TNP formed three hydrogen bonds with 
Tyr 59, Asn 212 and ASP 399, while Arg 41, Tyr 42, 
Val 47, Lys 49, Pro 71, Leu 210, Glu 211, Val 213, Ile 
398 and Leu 336, formed hydrophobic interaction with 
TNP (Table 2). 
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Fig 4: Projection of the predicted active site for IP6K1 with 
3dligandsite (green) and BSP-SLIM (cyan) RMS =   1.697 
 
Table 2. Molecular docking results of human IP6K1 with TNP   
 
 
Assessment of protein quality is imperative in 
structural proteomics. The overall protein structure as 
well as function is a factor of the amino acid sequence 
that represents the primary structure of protein. The 
sequence of amino acid of the protein having 441 
residue was retrieved from Genbank. The sequence 
was used to perform homology modelling on SWISS-
MODEL server. The modelled protein is a 
hypothetical one with a molecular weight of 
approximately 50235.54 Da. Aliphatic index value is 
a function of structural stability of any protein 
indicating the relative volume occupied by amino 
acids having aliphatic side chains in their structure 
such as leucine, valine, isoleucine and alanine. It is a 
positive factor for the increase of thermostability of 
globular proteins (Ikai, 1980; Bhattacharjee et al, 
2016). The estimated aliphatic index for IP6K1 was 
65.83. Instability index gives estimate information 
about the stability of the protein and the score for 
IP6K1 in this study was 50.53 and could be considered 
as unstable. The instability index provides an estimate 
of the stability of any protein. The estimated value for 
IP6K1 is 50.53 indicating that the protein model may 
be unstable since protein with instability index is 
smaller than 40 is predicted as stable a value above 40 
predicts that the protein may be unstable (Guruprasad 
et al, 1990). Protein pI is calculated using pKa values 
of amino acids. The pKa value of amino acids depends 
on its side chain. It has an important role in defining 
the pH dependent characteristics of a protein and can 
be used to optimize IP6K1 purification and 
crystallization.  The estimated pI for IP6K1 was 6.81 
showing a nearly neutral nature of the protein. In the 
protein molecule, serine has the highest composition 
with 11.3%, 9.1% Leucine, 8.2% of glutamic acid, 
7.9% arginine while the lowest was tryptophan with 
0.2%. The total number of negatively charged residues 
(Asp + Glu) is 62 while that of positively charged 
residues (Arg + His) are 60 (Table 1). The atomic 
composition of the protein indicated that it has 6393 
atoms consisting of 2171 carbon, 3421 hydrogen, 639 
nitrogen, 681 oxygen and 27 surphur and has the 
formula C2171H3421N639O681S27. The degree of 
hydrophobicity or hydrophilicity of a protein is 
measured by the Grand average of hydropathicity 
(GRAVY) and it is an important parameter during 
protein characterization. The calculated score was -
0.724 showing that the protein is more globular and 
hydrophilic (Table 1). The secondary structure 
prediction was done using the primary amino acid 
sequence through CFFSP webserver. The modeled 
IP6K1 has 63.3% helixes, 30.2% sheets and 13.4% 
turns (Figure 1). Validation of the model is very 
important in protein structural prediction since 
ultimately the modeled protein structure is used to 
understand the protein's biological function in order to 
design further experiments. The quality of the model 
was assessed using the ProSA server (Figure 3) and 
validated by RAMPAGE A Ramachandran plot was 
obtained from RAMPAGE for the generated pdb 
structures of IP6K1 (Figure 5). The Ramachandran 
plot from RAMPAGE showed that the model contains 




Fig 5: Ramachandran plot of IP6K1 protein model. The most 
favored regions, additional allowed regions, generously allowed 
regions, and disallowed regions are indicated as dark blue, light 
blue, light yellow, and white, respectively. 
 
The primary sequence of IP6K1 was used to model the 
protein using SWISS-MODEL server (Figure 3) 
though homology modelling with protein 21ew.2 
serving as template. The binding pocket of the protein 
was determined using two webservers; 3ligandsite and 
BSP-SLIM. The binding pocket identified by the two 
webservers were found to be the same as shown in 
Figure 4. In order to investigate the binding mode and 
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critical residues involved in IP6K1, molecular docking 
was performed with TNP using AutodockVina. The 
results showed top ten binding conformations of TNP 
with IP6K1. Among the ten conformations, the best 
with a least binding energy -8.1 kcalmol-1 was 
selected. Weak intermolecular interactions such as 
hydrogen bonding and hydrophobic interactions are 
key players in stabilizing energetically-favored 
ligands, in an open conformational environment of 
protein structures (Patil et al, 2010). Three hydrogen 
bonding interactions was observed between IP6K1 
and TNP (Table 2). The binding mode and binding 
cavity of TNP with IP6K1 was visualized using PyMol 
(Figure 6).  
 
 




The residues Tyr59 Asn212 and Asp399 formed three 
hydrogen bonds with TNP and identified as critical 
residues in TNP binding. In addition, hydrophobic and 
hydrogen bonding interactions were predicted for the 
IP6K1–TNP complex using the Ligplot tool. The 
results showed that residues Arg41, Tyr42, Val47, 
Lys49, Pro71, Leu210, Glu211, Val213, Ile398 and 
Leu336 were involved in hydrophobic interactions 
with TNP atoms (Figure 7).  
 
 
Fig 7. Molecular docking of IP6K1 with TNP showing hydrogen 
bonding and hydrophobic interactions 
Molecular dynamics (MD) simulation of modelled 
IP6K1 was carried out using the Molecular Dynamics 
simulation software (GROMACS) package. The 
structural variations during the course of the 
simulations were analyzed by calculating RMSD, 
RMSF, radius of gyration (Rg) and solvent accessible 
surface area (SAS). Protein simulation is a highly 
complex process that provides information about the 
physical movement and interaction of atoms and 
molecules revealing a whole new insight into protein 
dynamics (Yang et al, 2013). In the current study, Root 
mean square deviation (RMSD) provides information 
about a protein with respect to its backbone structure. 
An initial large fluctuation was observed (Figure 8) 
which was stabilized after 10ns due to reduction in 
amplitude of fluctuation with time. The Root mean 
square fluctuation (RMSF) gives information about 
the dynamic behavior of residues. The result revealed 
large fluctuation between 100 and 200 and between 
350 and 400 (Figure 9).  
 
 
Fig 8. RMSD plot of backbone atoms of IP6K1 in apo state 
 
 
Fig 9. RMSF plot of backbone atoms of IP6K1 in apo state 
 
This fluctuation could be due to the presence of loops 
within the protein molecule. The radius of gyration 
indicates the degree of compactness of a molecule. 
The result from this study showed the protein in 
folding and unfolding configuration and the protein 
appeared to be stable around 20ns (Figure 10).  
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Fig 10. Radius of gyration (Rg) plot of IP6K1 in apo state 
 
The solvent accessible surface (SASA) analysis was 
carried out to explore the behavior of hydrophilic 
SASA and hydrophobic SASA of the IP6K1. SASA 
results (Figure11) of around 125-130 nm2 showed that 
the accessibility was retained with little changes 
during the simulation and confirmed that the residues 
were well exposed to the solvent  (Lin et al, 2003).  
 
 
Fig 11. The solvent accessible surface (SASA) plot of IP6K1 in 
apo state 
 
This study provides insight into dynamics of IP6K1 as 
this data will assist in the conformational studies, 
enzyme reactions and molecular signaling between 
IP6K1 and ligands. 
 
Conclusion: Human IP6K1 plays a critical role in 
insulin signaling which is one of the key mechanisms 
in diabetes treatment. Experimental studies supported 
IP6K1 as a novel therapeutic target for diabetes. 
IP6K1 structure has been predicted the model was 
stable. Tyr59, Asn212 and Asp399 were found to be 
critical residues in ligand binding. Our computational 
studies reavealed the binding pocket and critical amino 
acid residues that can be exploited in the design of 
inhibitors of this enzymes as antidiabetic drugs. 
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